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(54) 



(57) A control circuit 34 retrieves a shedding pattern 
for each of heddle frames 151, 152, 1 53 and 1 54 from a 
weave information memory device 27 for every single 
rotation of a weaving machine. The control circuit 34 
selects a shedding curve for each of the heddle frames 
151, 152, 153 and 154 from a shedding curve memory 
circuit 33 on the basis of the thus retrieved information. 
A control circuit 34 outputs control command to a drive 
circuit 35 so as to form the shedding curves thus 
selected. The drive circuit 35 oeprates shedding drive 
motors M1, M2, M3 and M4 so that the heddle frames 
151, 152, 153 and 154 establish respective shedding 
curves selected correspondingly. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a shedding 
control method and a shedding control apparatus in a 
weaving machine having a plurality of shedding drive 
motors provided independently of a weaving machine 
drive motor, and a plurality of heddle frames, each of the 
heddle frames corresponding to and driven by a single 
one of the shedding driving motors. 

2. Description of the Related Art 

[0002] The handling state of warp associated with 
the shedding formation of the warp influences weft 
insertion performance of weft, and the handling state of 
the warp is influenced by tension on the warp. If the 
warp tension is small, it is likely to cause the warp 
entanglement and thus the warp handling is deterio- 
rated. In the case where the warp handling is deterio- 
rated, it is likely to cause the weft insertion error in a jet 
room, and in the case of a rapier weaving machine, the 
running performance of a rapier head for transportation 
of the weft is deteriorated, and a ratio of cutting the warp 
with the rapier head is increased. 
[0003] The handling state of the warp can be 
changed by modifying a shedding curves, as disclosed, 
for instance, in Japanese Patent Laid-open No. 7- 
34355. In a conventional apparatus of Japanese Patent 
Laid-open No. 7-34355, heddle frames are driven by 
drive motors provided independently of a weaving 
machine drive motor, and the modification of the shed- 
ding curve is carried out to change a dowel (a stationary 
angle) or a shedding amount. If the dowel is increased, 
the tension on the warp from a closed position toward a 
maximum shedding position is rapidly increased, to pro- 
vide the excellent warp handling. If the shedding 
amount is increased, the tension on the warp is 
increased, to provide the excellent warp handling. 
[0004] However, as in the case of a dobby-weaving, 
there is such a weaving form that a heddle frame stays 
at the uppermost position or the lowermost position for 
one or more rotations of the weaving machine, and the 
number of vertical motion of that heddle frame is smaller 
than those of the other heddle frames. The warp verti- 
cally moved by the heddle frame which is smaller in the 
number of vertical motion than the others is less con- 
sumed than the warps vertically moved by the other 
heddle frames. This difference in the consumption 
amount between the warps causes the lowering of ten- 
sion on the warp less consumed, and deteriorates the 
warp handling. The conventional apparatus disclosed in 
Japanese Patent Laid-open No. 7-34355 does not con- 
tain a concept of the warp handling taking into account 
the loosening of the warp associated with the consump- 



tion amount difference among warps respectively corre- 
sponding to the heddle frames. 

SUMMARY OF THE INVENTION 

5 

[0005] An object of the present invention is to pro- 
vide a shedding control method and a shedding control 
apparatus, each of which can attain the improved warp 
handling or effectively improve the textile quality. 

10 [0006] An shedding control method according to the 
present invention is a method of controlling sheddings 
in a weaving machine having a plurality of shedding 
drive motors provided independently of a weaving 
machine drive motor, and a plurality of heddle frames, 

15 each of the heddle frames corresponding to and driven 
by a single one of the shedding driving motors, in which, 

of shedding curves indicative of motion of the hed- 
dle frames, a shedding curve indicative of motion of 

20 one heddle frame for a time period where it is 
moved from one of the uppermost position and the 
lowermost position to the other is selected or set for 
each of the plurality of heddle frames independently 
on the basis of weave information, and 

25 each of the shedding drive motors is drivingly con- 
trolled to cause the respective one of the plurality of 
heddle frames to make a motion along the shed- 
ding curve thus set or selected. 

30 [0007] In the shedding control method in a weaving 
machine according to the present invention, the weave 
information may include shedding patterns respectively 
corresponding to the plurality of heddle frames. 
[0008] In the shedding control method in a weaving 

35 machine according to the present invention, the weave 
information may include weft densities and shedding 
patterns respectively corresponding to said plurality of 
heddle frames. 

[0009] In the shedding control method in a weaving 
40 machine according to the present invention, at least two 
kinds of shedding curves distinguished one from the 
other by the magnitude of stationary angles may be pre- 
pared for the shedding curve to be set or selected. 
[0010] An shedding control apparatus according to 
45 the present invention is an apparatus for controlling 
sheddings in a weaving machine having a plurality of 
shedding drive motors provided independently of a 
weaving machine drive motor, and a plurality of heddle 
frames, each of the heddle frames corresponding to and 
so driven by a single one of the shedding driving motors, 
the shedding control apparatus including: 

shedding curve setting means for storing shedding 
curves indicative of motion of the heddle frames 
55 therein, and selecting or setting, of the shedding 
curves, a shedding curve indicative of motion of 
one heddle frame for a time period where it is 
moved from one of the uppermost position and the 
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lowermost position to the other for each of the plu- 
rality of heddle frames independently on the basis 
of weave information inputted therein from the 
external; and 

control means for drivingly controlling each of the 
shedding drive motors to cause the respective one 
of theplurality of heddle frames to make a motion 
along the shedding curve thus set or selected by 
the shedding curve setting means. 

[001 1] In the shedding control apparatus in a weav- 
ing machine according to the present invention, the 
weave information may include shedding patterns 
respectively corresponding to the plurality of heddle 
frames. 

[0012] In the shedding control apparatus in a weav- 
ing machine according to the present invention, the 
weave information may include weft densities and shed- 
ding patterns respectively corresponding to said plural- 
ity of heddle frames. 

[0013] In the shedding control apparatus in a weav- 
ing machine according to the present invention, the 
shedding curve setting means may select or set at least 
two kinds of shedding curves distinguished one from the 
other by the magnitude of stationary angles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 

Fig. 1 is a schematic view, i.e. a combination of a 
schematic diagram of a shedding device according 
to a first embodiment of the present invention as 
viewed from a side, and a control block diagram; 
Fig. 2 is a schematic view, i.e. a combination of a 
schematic diagram of the shedding device as 
viewed from the front and the control block diagram; 
Figs. 3a to 3f are graphs each showing a shedding 
curve; 

Figs. 4a to 4d are graphs respectively showing 
shedding patterns for heddle frames 151, 152, 153 
and 1 54, and Figs. 4e to 4h are sectional views of 
cloth, respectively showing interweaving states of 
wefts to warps T1 , T2, T3 and T4; 
Figs. 5a to 5f are graphs showing shedding curves 
in a second embodiment; 

Fig. 6 is a schematic view, i.e. a combination of a 
schematic diagram of a shedding device and a con- 
trol block diagram according to a third embodiment; 
Figs. 7a and 7b are graphs showing shedding 
curves; 

Fig. 8 is a table indicating shedding patterns and 
stationary angles for respective heddle frames; and 
Fig. 9 is a table indicating shedding patterns and 
stationary angles for respective heddle frames. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 
Embodiment 1 

5 [0015] A first embodiment of the present invention 
will be described with reference to Figures 1 to 4. 
[0016] Reference symbol Mo designates a weaving 
machine drive motor, which can rotate reversibly and is 
operatively controlled by a weaving machine control 

10 computer Co. A reversible feed motor 1 1 , which is pro- 
vided independently of the weaving machine drive 
motor Mo, drives a warp beam 12. Warps T1, T2, T3 
and T4 are fed out from the warp beam 12 to be passed 
through a back roller 13, a tension roller 14, heddle 

15 frames 151, 152, 153 and 154 and a reed 16. A woven 
cloth W is passed through an extension bar 17, a sur- 
face roller 18, a press roller 19 and a crease removing 
guide member 20 to be wound onto a cloth roller 21. 
The surface roller 18 obtains a driving force from the 

20 weaving machine drive motor Mo to receive the woven 
cloth W in cooperation with the press roller 1 9, and the 
cloth roller 21 is linked with the surface roller 18. 
[0017] The tension roller 14 is attached to one end 
portion of a tension lever 22, so that a predetermined 

25 tension to the warp T1 , T2, T3 and T4 by the action of a 
tensile spring 23 attached to the other end portion of the 
tension lever 22. The tension lever 22 is rotatably sup- 
ported at one end of a detection lever 24, and the other 
end of the detection lever 24 is connected to a tension 

30 detecting unit 25. The warp tension is transmitted 
through the tension roller 14, the tension lever 22 and 
the detection lever 24 to the tension detecting unit 25, 
and the tension detecting unit 25 outputs, to the weav- 
ing machine control computer Co, an electric signal in 

35 accordance with the warp tension. The weaving 
machine control computer Co controls a rotational 
speed of the feed motor 1 1 based on a comparison of a 
preset tension with a detected tension indicated by thus 
input signal as well as on a warp beam diameter indi- 

40 cated by a detection signal received from a rotary 
encoder 26 for detecting a rotational angle of the weav- 
ing machine. With this rotational speed control, the warp 
tension during a normal operation is controlled to pre- 
vent a weaving bar from generating during weaving. 

45 [0018] As shown in Fig. 1, shedding drive motor 
M1, M2, M3 and M4 are disposed below the heddle 
frames 151, 152, 153 and 154, respectively. Crank discs 

29 are securely attached to the output shafts 28 of the 
shedding drive motors M1, M2, M3 and M4, and the 

so crank discs 29 are connected through connecting rods 

30 to lower frames of the heddle frames 151, 152, 153 
and 154, respectively. The crank discs 29 and the con- 
necting rods 30 constitute crank mechanisms, by which 
one-directional rotation of the shedding drive motors 

55 M1, M2, M3 and M4 are converted into vertical motion 
of the heddle frames 151, 152, 153 and 154, respec- 
tively. The shedding drive motors M1, M2, M3 and M4 
follow command control given by a shedding control 
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device C1. The shedding control device C1 controls 
operation of the shedding drive motors M1 , M2, M3 and 
M4 in synchronism with insertion of weft Y. As shown in 
Fig. 2, the weft Y is inserted into sheddings of the warps 
T1 , T2, T3 and T4 by a weft insertion main nozzle 31 . 5 
[0019] The shedding control device C1 includes a 
shedding curve memory circuit 33 that stores therein six 
shedding curves E1, E2, E3, E4, E5 and E6 shown in 
Figs. 3a to 3f, a control circuit 34 that selects a shedding 
curve from the shedding curve memory circuit 33 and 
outputs a control command, and a drive circuit 35 that 
controls the shedding drive motors M1, M2, M3 and M4 
based on the control command received from the con- 
trol circuit 34. The drive circuit 35 feed-back controls the 
shedding drive motors M1, M2, M3 and M4 based on 
rotational angle information obtained from rotary encod- 
ers 32 built into the shedding drive motors M1, M2, M3 
and M4. In Fig. 3, an axis 9 of abscissas represents a 
weaving machine rotational angle, and an axis H of ordi- 
nates represents a height of the heddle frame. The H1 
represents the uppermost position, whereas the H2 rep- 
resents the lowermost position. Each of the shedding 
curves E1, E2, E3, E4, E5 and E6 represents a part of 
shedding curves indicative of motion of the heddle 
frame 151, 152, 153 and 154, i.e. only for a time period 
where it is moved from one of the uppermost position 
and the lowermost position to the other. 
[0020] The control circuit 34 is electrically con- 
nected to a weave information memory device 27. The 
weave information memory device 27 stores weave 
information therein. The weave information stored in the 
weave information memory device 27 includes shed- 
ding patterns of the respective heddle frames 151, 152, 
153 and 154. 

[0021] Fig. 4a represents a shedding pattern 1/1 of 
the heddle frame 151, Fig. 4b represents a shedding 
pattern 1/1 of the heddle frame 152. Fig. 4c represents 
a shedding pattern 212 of the heddle frame 153, and 
Fig. 4d represents a shedding pattern 6/1 of the heddle 
frame 154. Fig. 4e is a sectional view of a cloth, showing 
an interweaving state of the warp T1 and the wefts Y 
corresponding to the shedding pattern 1/1 shown in Fig. 
4a, and Fig. 4f is a sectional view of a cloth, showing an 
interweaving state of the warp T2 and the wefts Y corre- 
sponding to the shedding pattern 1/1 shown in Fig. 4b. 
Fig. 4g is a sectional view of a cloth, showing an inter- 
weaving state of the warp T3 and the wefts Y corre- 
sponding to the shedding pattern 2/2 shown in Fig. 4c, 
and Fig. 4h is a sectional view of a cloth, showing an 
interweaving state of the warp T4 and the wefts Y corre- 
sponding to the shedding pattern 6/1 shown in Fig. 4d. 
[0022] The weaving machine rotational angle 
detecting rotary encoder 26 is electrically connected to 
the control circuit 34. The control circuit 34 retrieves the 
shedding pattern information for each of the heddle 
frames 151, 152, 153 and 154 from the weave informa- 
tion memory device 27 for every single rotation of the 
weaving machine on the basis of weaving machine rota- 



tional angle information obtained from the rotary 
encoder 26. Concurrently, the control circuit 34 retrieves 
the transitional pattern for each of the heddle frames 
151, 152, 153 and 154 in the next one rotation of the 
weaving machine. 

[0023] Since the shedding pattern retrieved by the 
control circuit 34 for the heddle frame 151 is the shed- 
ding pattern 1/1 , the control circuit 34 selects either one 
of the shedding curves E1 and E4. In the case where 
the next transitional pattern retrieved by the control cir- 
cuit 34 from the weave information memory device 27 
for the heddle frame 1 51 is the transitional pattern from 
the uppermost position to the lowermost position, the 
control circuit 34 selects the shedding curve E1 from the 
shedding curve memory circuit 33. In the case where 
the next transitional pattern retrieved by the control cir- 
cuit 34 from the weave information memory device 27 
for the heddle frame 151 is the transitional pattern from 
the lowermost position to the uppermost position, the 
control circuit 34 selects the shedding curve E4 from the 
shedding curve memory circuit 33. 
[0024] Since the shedding pattern retrieved by the 
control circuit 34 for the heddle frame 152 is the shed- 
ding pattern 1/1, the control circuit 34 selects either one 
of the shedding curves E1 and E4. In the case where 
the next transitional pattern retrieved by the control cir- 
cuit 34 from the weave information memory device 27 
for the heddle frame 152 is the transitional pattern from 
the uppermost position to the lowermost position, the 
control circuit 34 selects the shedding curve E1 from the 
shedding curve memory circuit 33. In the case where 
the next transitional pattern retrieved by the control cir- 
cuit 34 from the weave information memory device 27 
for the heddle frame 152 is the transitional pattern from 
the lowermost position to the uppermost position, the 
control circuit 34 selects the shedding curve E4 from the 
shedding curve memory circuit 33. 
[0025] Since the shedding pattern retrieved by the 
control circuit 34 for the heddle frame 153 is the shed- 
ding pattern 2/2, the control circuit 34 selects either one 
of the shedding curves E2 and E5. In the case where 
the next transitional pattern retrieved by the control cir- 
cuit 34 from the weave information memory device 27 
for the heddle frame 153 is the transitional pattern from 
the uppermost position to the lowermost position, the 
control circuit 34 selects the shedding curve E2 from the 
shedding curve memory circuit 33. In the case where 
the next transitional pattern retrieved by the control cir- 
cuit 34 from the weave information memory device 27 
for the heddle frame 153 is the transitional pattern from 
the lowermost position to the uppermost position, the 
control circuit 34 selects the shedding curve E5 from the 
shedding curve memory circuit 33. 
[0026] Since the shedding pattern retrieved by the 
control circuit 34 for the heddle frame 1 54 is the shed- 
ding pattern 6/1 , the control circuit 34 selects either one 
of the shedding curves E3 and E6. In the case where 
the next transitional pattern retrieved by the control cir- 
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cuit 34 from the weave information memory device 27 
for the heddle frame 154 is the transitional pattern from 
the uppermost position to the lowermost position, the 
control circuit 34 selects the shedding curve E3 from the 
shedding curve memory circuit 33. In the case where 5 
the next transitional pattern retrieved by the control cir- 
cuit 34 from the weave information memory device 27 
for the heddle frame 154 is the transitional pattern from 
the lowermost position to the uppermost position, the 
control circuit 34 selects the shedding curve E6 from the 10 
shedding curve memory circuit 33. 
[0027] The control circuit 34 outputs control com- 
mand to the drive circuit 35 so as to form the shedding 
curves selected from the shedding curve memory circuit 
33. The drive circuit 35 operates the drive motors M1, is 
M2, M3and M4 so that the heddle frames 151, 152, 153 
and 154 respectively provide the shedding curves thus 
selected correspondingly. 

[0028] The disposition period of each heddle frame 
1 5 1 , 1 52 close to the uppermost position is defined by a 20 
period a1 = a11 + a12 where each heddle frame 151, 
152 is disposed within a range of a predetermined ratio 
A • K (A is, for instance, 3%) relative to the vertical stroke 
K of each heddle frame 151, 152 from the uppermost 
position, as shown in Figs. 3a and 3d. Similarly, the dis- 25 
position period of each heddle frame 151, 152 close to 
the lowermost position is defined by a period 
P1 = P11 + P12 where each heddle frame 151, 152 is 
disposed within a range of a predetermined ratio A • K 
relative to the vertical stroke K of each heddle frame 30 
151, 152 from the lowermost position, as shown in Figs. 
3a and 3d. The disposition periods of the other heddle 
frames 1 53 and 1 54 close to the uppermost position are 
similarly defined by periods a2 = a21 + cc22 and 
ct3 = cc31 + oc32 where they are disposed within a 35 
range of a predetermined ratio A • K relative to the verti- 
cal stroke K, as shown in Figs. 3b and 3e and Figs. 3c 
and 3f, respectively. The disposition periods of the hed- 
dle frames 1 53, and 1 54 close to the lowermost position 
are similarly defined by periods P2 = P21 + p22 and <o 
P3 = P31 + P32 where they are disposed within a 
range of a predetermined ratio A • K relative to the verti- 
cal stroke K from the lowermost position as shown in 
Figs. 3b and 3e and Figs. 3c and 3f, respectively. 
[0029] This definition reflects stationary status of as 
each heddle frames 151, 152, 153 and 154 at the 
uppermost and lowermost positions during weaving. 
Hereafter, the disposition period a1.a2.ot3 are referred 
to as stationary angles at the uppermost position side, 
and the disposition period p1, p2, p3 are referred to as so 
stationary angles at the lowermost position side. In this 
embodiment, formulae a1 = a2 = a3 « p1 and p1 < P2 
< P3 stand in magnitude relationship. 
[0030] The first embodiment provides the following 
effects: 55 

(1-1) The control circuit 34, i.e. control means, 
selects the shedding curves respectively for the 



heddle frames 151, 152, 153 and 154 from the 
shedding curve memory circuit 33 on the basis of 
the weave information stored in the weave informa- 
tion memory device 27. The control circuit 34, 
which forms shedding curve setting means together 
with the shedding curve memory circuit 33, controls 
the operation of the shedding drive motors M1, M2, 
M3 and M4 driving the heddle frames 1 51 , 1 52, 1 53 
and 154 correspondingly to the selected shedding 
curves to provide the selected shedding curves. 

The consumption amounts of the warps T1 , T2. 
T3 and T4 differ from one another depending on the 
interweaving states to the wefts Y As can be seen 
from Figs. 4e to 4h, the consumption amount of 
warp T3 is smaller than the consumption amount of 
each of the warps T1 and T2, and the consumption 
amount of the warp T4 is even smaller than the con- 
sumption amount of the warp T3. The respective 
shedding patterns of a plurality of the heddle 
frames 151, 152, 153 and 154 reflect the consump- 
tion amounts of the warps T1 , T2, T3 and T4 corre- 
sponding to the heddle frames 151, 152, 153 and 
1 54. The stationary angle a1 in the pair of the shed- 
ding curves E1 and E4, the stationary angle a2 in 
the pair of the shedding curves E2 and E5, and the 
stationary angle a3 in the pair of the shedding 
curves E3 and E6 are set to small values, the differ- 
ential between which is substantially zero. In con- 
trast, the stationary angle p1 in the pair of the 
shedding curves E1 and E4, the stationary angle p2 
in the pair of the shedding curves E2 and E5, and 
the stationary angle P3 in the pair of the shedding 
curves E3 and E6 are set values different from one 
another and the differential therebetween is signifi- 
cant. Each of the stationary angles P2 and p3 is set 
to a relatively large value. These magnitude differ- 
ences among the stationary angles p1, P2 and P3 
at the lowermost position side provide differences 
in rapidness of the tension increases on the warps 
T1, T2, T3 and T4 during the transition from the 
closed position to the lowermost position, thereby 
preventing the loosening of the warp (T4 or T3) less 
consumed. Therefore, the handling of the warps is 
improved, and the insertion of the wefts is stabi- 
lized. That is, the warp handling can be enhanced 
by selecting the shedding curves respectively for 
the heddle frames taking into account the station- 
ary angles correspondingly to ratio of one-way 
movement times, such that the shedding curve hav- 
ing the large stationary angle is prepared for the 
warp whose consumption amount is small, 
whereas the shedding curve having the small sta- 
tionary angle or a zero stationary angle is prepared 
for the warp whose consumption amount is large. 
Here, the one-way movement time means the 
number of movement from the uppermost position 
to the lowermost position or from the lowermost 
position to the uppermost position in the shedding 
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pattern. 

(1-2) It is experimentally known that a larger sta- 
tionary angle at the lowermost position side makes 
the textile quality good. The manner of setting 
numeric values for stationary angles (31, 02 and P3 
at the lowermost side contributes to the improve- 
ment of the textile quality. 

(1-3) Since the shedding amount of the warp does 
not change, there is no case that the tension varia- 
tion of the warp is increased. Therefore, the textile 
quality is not degraded by the large tension varia- 
tion, and it is optimal in view of the improvement of 
the warp handling to select the shedding curves 
respectively for the heddle frames taking into 
account the differences of the stationary angles. 

Embodiment 2 

[0031] As shown in Figs. 5a to 5f, a second embod- 
iment may be adopted, using the shedding curves E1, 
E4, E7, E8, E9 and E10 that provide differences among 
the stationary angles at the uppermost position side, 
namely a1=a11+a12, a2 = a21 + a22 and 
cc3 = a31+a32. This makes it possible to further 
enhance the warp handling. 

Embodiment 3 

[0032] Next, a third embodiment will be described 
with reference to Figs. 6 to 8. The same structures as 
those described in connection with the first embodiment 
are designated by the same reference symbols. 
[0033] In the third embodiment, eight heddle frames 
151, 152, 153, 154, 155, 156, 157 and 158 and eight 
shedding drive motors M1, M2, M3, M4, M5, M6, M7 
and M8 are utilized. A reference shedding curve mem- 
ory circuit 36 of a shedding control device C2 stores 
therein the reference shedding curve E1 shown in Fig. 
3a and the reference shedding curve E4 shown in Fig. 
3b. The symbol a1 = a11 + a12 in each of the curves 
E4 and E1 represents the stationary angle at the upper- 
most position side, whereas the symbol 
P1=p11 + P12 in each of the curves E4 and E1 repre- 
sents the stationary angle at the lowermost position 
side. The control circuit 37 of the shedding control 
device C2 retrieves, for each of the heddle frames 151 
to 158, the shedding pattern information included in the 
weave information stored in the weave information 
memory device 27 for every single rotation of the weav- 
ing machine on the basis of weaving machine rotational 
angle information obtained from the rotary encoder 26. 
The control circuit 37 creates shedding curves from the 
reference shedding curves E4 and E1 on the basis of 
the shedding pattern information thus retrieved from the 
weave information memory device 27, and assigns thus 
created shedding curves respectively to the heddle 
frames 151 to 158. The creation of the shedding curves 
are carried out such that the disposition periods a1 1 , 



a12, P11 and p12 of the reference shedding curves E4 
and E1 are changed. 

[0034] Fig. 8 shows shedding patterns for the hed- 
dle frames 151 to 158. In the illustrated example, the 

5 shedding patterns are repeated at sixteen rotation of 
the weaving machine as a unit cycle. In Fig. 8, the 1/1 
pattern corresponds to the shedding patterns shown in 
Figs. 4a and 4b, and the 212 pattern corresponds to the 
shedding pattern shown in Fig. 4c. The 6/1 pattern cor- 

10 responds to the shedding pattern shown in Fig. 4d, and 
the 1/6 pattern corresponds to a shedding pattern 
obtained by reversing the shedding pattern shown in 
Fig. 4d upside down. In the illustrated example, each of 
the heddle frames 151 and 152 makes the motion of the 

15 2/2 pattern for eight times worth of the weft insertion, 
the motion of the 1/1 pattern for four times worth of the 
weft insertion, and then the motion of the 2/2 pattern for 
four times worth of the weft insertion. Each of the hed- 
dle frames 153 and 154 makes the motion of the 6/1 

20 pattern for four times worth of the weft insertion, the 
motion of the 1/6 pattern for four times worth of the weft 
insertion, the motion of the 1/1 pattern for four times 
worth of the weft insertion, and then the motion of the 
2/2 pattern for four times worth of the weft insertion. 

25 Each of the heddle frames 155 and 156 makes the 
motion of the 1/6 pattern for four times worth of the weft 
insertion, the motion of the 6/1 pattern for four times 
worth of the weft insertion, the motion of the 1/1 pattern 
for four times worth of the weft insertion, and then the 

30 motion of the 2/2 pattern for four times worth of the weft 
insertion. All the motions made by the heddle frames 
157, 158 are of the 1/1 pattern. 

[0035] In the case where the shedding pattern 
retrieved by the control circuit 37 is the 1/1 pattern, the 

35 control circuit 37 carries out such a setting that the ref- 
erence shedding curves E4 and E1 are used as they 
are. In the case where the shedding pattern retrieved by 
the control circuit 37 is the 2/2 pattern, the control circuit 
37 modifies the disposition periods a11 and P11 of the 

40 reference shedding curve E4 to be, for instance, a21 
and (321 shown in Fig. 3e, as well as the disposition 
periods a12 and (312 of the reference shedding curve 
E1 to be, for instance, cc22 and P22 shown in Fig. 3b, to 
thereby create and set the shedding curves E5 and E2 

45 for use. In the case where the shedding pattern 
retrieved by the control circuit 37 is the 6/1 pattern, the 
control circuit 37 modifies the disposition periods a1 1 
and P11 of the reference shedding curve E4 to be, for 
instance, a31 and P31 shown in Fig. 3f, as well as the 

so disposition periods oc12 and p12 of the reference shed- 
ding curve E1 to be, for instance, a32 and P32 shown in 
Fig. 3c, to thereby create and set the shedding curves 
E6 and E3 for use. In the case where the shedding pat- 
tern retrieved by the control circuit 37 is the 1/6 pattern, 

55 the control circuit 37 modifies the disposition periods 
ct1 1 and p1 1 of the reference shedding curve E4 to be, 
for instance, a41 and P41 shown in Fig. 7b, as well as 
the disposition periods ct12 and P12 of the reference 
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shedding curve E1 to be, for instance, a42 and p42 
shown in Fig. 7a, to thereby create and set the shedding 
curves E12 and E1 1 for use. 

[0036] In Fig. 8, the symbol a (1/1) represents the 
stationary angle at the uppermost position side corre- 
sponding to the 1/1 pattern, and the symbol P (1/1) rep- 
resents the stationary angle at the lowermost position 
side corresponding to the 1/1 pattern. The symbol a 
(2/2) represents the stationary angle at the uppermost 
position side corresponding to the 2/2 pattern, and the 
symbol p (2/2) represents the stationary angle at the 
lowermost position side corresponding to the 2/2 pat- 
tern. The symbol a (6/1 ) represents the stationary angle 
at the uppermost position side corresponding to the 6/1 
pattern, and the symbol (3 (6/1) represents the station- 
ary angle at the lowermost position side corresponding 
to the 6/1 pattern. The symbol a (1/6) represents the 
stationary angle at the uppermost position side corre- 
sponding to the 1/6 pattern, and the symbol P (1/6) rep- 
resents the stationary angle at the lowermost position 
side corresponding to the 1/6 pattern. 
[0037] The control circuit 37 recognizes next transi- 
tional pattern for each of the heddle frames on the basis 
of the shedding pattern information retrieved from the 
weave information memory device 27. Assuming for 
convenience of explanation that the shedding patterns 
for the heddle frames 1 51 to 1 58 are those shown in Fig. 
8, in the case where the next transitional pattern for the 
heddle frame 151 to which the 2/2 pattern is assigned is 
the transitional pattern from the uppermost position to 
the lowermost position, the control circuit 37 creates 
and uses the shedding curve E2. In the case where the 
next transitional pattern for the heddle frame 151 to 
which the 2/2 pattern is assigned is the transitional pat- 
tern from the lowermost position to the uppermost posi- 
tion, the control circuit 37 creates and uses the 
reference shedding curve E5. In the case where the 
next transitional pattern for the heddle frame 151 to 
which the 1/1 pattern is assigned is the transitional pat- 
tern from the uppermost position to the lowermost posi- 
tion, the control circuit 37 uses the reference shedding 
curve E1 as it is. In the case where the next transitional 
pattern for the heddle frame 151 to which the 1/1 pat- 
tern is assigned is the transitional pattern from the low- 
ermost position to the uppermost position, the control 
circuit 37 uses the shedding curve E4 as it is. The simi- 
lar setting of the shedding curve is carried out for the 
heddle frame 152. 

[0038] In the case where the next transitional pat- 
tern for the heddle frame 1 53 to which the 6/1 pattern is 
assigned is the transitional pattern from the uppermost 
position to the lowermost position, the control circuit 37 
creates and uses the shedding curve E3. In the case 
where the next transitional pattern for the heddle frame 
153 to which the 6/1 pattern is assigned is the transi- 
tional pattern from the lowermost position to the upper- 
most position, the control circuit 37 creates and uses 
the shedding curve E6. In the case where the next tran- 



sitional pattern for the heddle frame 1 53 to which the 1 /6 
pattern is assigned is the transitional pattern from the 
uppermost position to the lowermost position, the con- 
trol circuit 37 creates and uses the shedding curve E1 1 . 

5 In the case where the next transitional pattern for the 
heddle frame 153 to which the 1/6 pattern is assigned is 
the transitional pattern from the lowermost position to 
the uppermost position, the control circuit 37 creates 
and uses the shedding curve E12. In the case where the 

10 next transitional pattern for the heddle frame 153 to 
which the 1/1 pattern is assigned is the transitional pat- 
tern from the uppermost position to the lowermost posi- 
tion, the control circuit 37 uses the shedding curve E1 
as it is. In the case where the next transitional pattern for 

?5 the heddle frame 153 to which the 1/1 pattern is 
assigned is the transitional pattern from the lowermost 
position to the uppermost position, the control circuit 37 
uses the shedding curve E4 as it is. In the case where 
the next transitional pattern for the heddle frame 153 to 

20 which the 2/2 pattern is assigned is the transitional pat- 
tern from the uppermost position to the lowermost posi- 
tion, the control circuit 37 creates and uses the 
shedding curve E2. In the case where the next transi- 
tional pattern for the heddle frame 153 to which the 2/2 

25 pattern is assigned is the transitional pattern from the 
lowermost position to the uppermost position, the con- 
trol circuit 37 creates and uses the shedding curve E5. 
The similar setting of the shedding curve is carried out 
for the heddle frame 1 54. 

30 [0039] In the case where the next transitional pat- 
tern for the heddle frame 155 to which the 1/6 pattern is 
assigned is the transitional pattern from the uppermost 
position to the lowermost position, the control circuit 37 
creates and uses the shedding curve E1 1. In the case 

35 where the next transitional pattern for the heddle frame 
155 to which the 1/6 pattern is assigned is the transi- 
tional pattern from the lowermost position to the upper- 
most position, the control circuit 37 creates and uses 
the shedding curve E12. In the case where the next 

40 transitional pattern for the heddle frame 155 to which 
the 6/1 pattern is assigned is the transitional pattern 
from the uppermost position to the lowermost position, 
the control circuit 37 creates and uses the shedding 
curve E3. In the case where the next transitional pattern 

45 for the heddle frame 155 to which the 6/1 pattern is 
assigned is the transitional pattern from the lowermost 
position to the uppermost position, the control circuit 37 
creates and uses the shedding curve E6. In the case 
where the next transitional pattern for the heddle frame 

so 155 to which the 1/1 pattern is assigned is the transi- 
tional pattern from the uppermost position to the lower- 
most position, the control circuit 37 uses the reference 
shedding curve E1 as it is. In the case where the next 
transitional pattern for the heddle frame 155 to which 

55 the 1/1 pattern is assigned is the transitional pattern 
from the lowermost position to the uppermost position, 
the control circuit 37 uses the reference shedding curve 
E4 as it is. In the case where the next transitional pat- 
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tern for the heddle frame 155 to which the 2/2 pattern is 
assigned is the transitional pattern from the uppermost 
position to the lowermost position, the control circuit 37 
creates and uses the shedding curve E2. In the case 
where the next transitional pattern for the heddle frame 
155 to which the 2/2 pattern is assigned is the transi- 
tional pattern from the lowermost position to the upper- 
most position, the control circuit 37 creates and uses 
the shedding curve E5. The similar setting of the shed- 
ding curve is carried out for the heddle frame 156. 
[0040] In the case where the next transitional pat- 
tern for the heddle frame 157 to which the 1/1 pattern is 
assigned is the transitional pattern from the uppermost 
position to the lowermost position, the control circuit 37 
uses the reference shedding curve E1 as it is. In the 
case where the next transitional pattern for the heddle 
frame 157 to which the 1/1 pattern is assigned is the 
transitional pattern from the lowermost position to the 
uppermost position, the control circuit 37 uses the refer- 
ence shedding curve E4 as it is. The similar setting of 
the shedding curve is carried out for the heddle frame 
158. 

[0041] The control circuit 37 outputs control com- 
mand to the drive circuit 35 so as to form the shedding 
curves thus set. The drive circuit 35 operates the shed- 
ding drive motor M1 to M8 so that the heddle frames 
151 to 158 establish the respective shedding curves set 
correspondingly thereto. 

[0042] The third embodiment provides the following 
effects: 

(3-1 ) The control circuit 37, i.e. control means, sets 
the shedding curves respectively for the heddle 
frames 151 to 158 using the reference shedding 
curves E4 and E1 stored in the reference shedding 
curve memory circuit 36 on the basis of the shed- 
ding patterns for the heddle frames 151 to 158. The 
control circuit 37, which forms shedding curve set- 
ting means together with the reference shedding 
curve memory circuit 36, controls the operation of 
the shedding drive motors M1 to M8 driving the 
heddle frames 151 to 158 correspondingly to the 
thus set shedding curves to provide the thus set 
shedding curves. 

[0043] The respective shedding patterns of a plural- 
ity of the heddle frames 1 51 to 1 58 reflect the consump- 
tion amounts of the warps corresponding to the heddle 
frames 151 to 158. The differences among the station- 
ary angles based on the shedding patterns for the hed- 
dle frames 151 to 158 provide the differences in 
rapidness of the tension increases on the warps corre- 
sponding to the heddle frames 151 to 158 during the 
transition from the closed position to the uppermost or 
lowermost position, thereby preventing the loosening of 
the warp less consumed. Therefore, the handling of the 
warps is improved, and the insertion of the wefts is sta- 
bilized. That is, the warp handling can be enhanced by 



setting the shedding curves respectively for the heddle 
frames taking into account the stationary angles corre- 
spondingly to the shedding patterns, such that the 
shedding curve having the large stationary angle is pre- 
5 pared for the warp whose consumption amount is small, 
whereas the shedding curve having the small stationary 
angle is prepared for the warp whose consumption 
amount is large. 

w Embodiment 4 

[0044] Next, a fourth embodiment shown in Fig. 9 
will be described. The structures of the apparatus in the 
fourth embodiment are the same as those in the third 

15 embodiment, but the control circuit 37 of the shedding 
control apparatus C2 in the fourth embodiment differs in 
function from that in the third embodiment. The control 
circuit 37 in the fourth embodiment retrieves, for each of 
the heddle frames 151 to 158, the shedding pattern 

20 information included in the weave information stored in 
the weave information memory device 27 for every sin- 
gle rotation of the weaving machine on the basis of 
weaving machine rotational angle information obtained 
from the rotary encoder 26, and also retrieves weft den- 

25 sity information included in the weave information. The 
control circuit 37 in the fourth embodiment creates 
shedding curves from the reference shedding curves E4 
and E1 on the basis of the thus retrieved shedding pat- 
tern information and weft density information, and 

30 assigns thus created shedding curves respectively to 
the heddle frames 151 to 158. The creation of the shed- 
ding curves are carried out such that the disposition 
periods cc11, a12, p11 and P12 of the reference shed- 
ding curves E4 and E1 are changed. Other functions of 

35 the control circuit 37 in the fourth embodiment are the 
same as those in the first embodiment. In the example 
shown in Fig. 9, the weft density is set to p1 for eight 
times worth of the weft insertion, p2 for four times worth 
of the weft insertion, and then p3 for four times worth of 

40 the weft insertion. The densities p1 , p2 and p3 meet, for 
instance, a relationship of p3 > p1 > p2. 
[0045] In Fig. 9, the symbol a(2/2, p1) represents 
the stationary angle at the uppermost position side cor- 
responding to the 2/2 pattern and the weft density p1, 

45 and the symbol p (2/2, p1) represents the stationary 
angle at the lowermost position side corresponding to 
the 2/2 pattern and the weft density p1. The symbol a 
(6/1, p1) represents the stationary angle at the upper- 
most position side corresponding to the 6/1 pattern and 

so the weft density p1, and the symbol p (6/1, p1) repre- 
sents the stationary angle at the lowermost position 
side corresponding to the 6/1 pattern and the weft den- 
sity p1 . The symbol a (1/6, p1 ) represents the stationary 
angle at the uppermost position side corresponding to 

55 the 1/6 pattern and the weft density p1 , and the symbol 
P (1/6, p1) represents the stationary angle at the lower- 
most position side corresponding to the 1/6 pattern and 
the weft density p1. The symbol a (1/1, p1) represents 
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the stationary angle at the uppermost position side cor- 
responding to the 1/1 pattern and the weft density p1, 
and the symbol p (1/1, p1) represents the stationary 
angle at the lowermost position side corresponding to 
the 1/1 pattern and the weft density p1. The symbol a 5 
(1/1, p2) represents the stationary angle at the upper- 
most position side corresponding to the 1/1 pattern and 
the weft density p2, and the symbol p (1/1, p2) repre- 
sents the stationary angle at the lowermost position 
side Corresponding to the 1/1 pattern and the weft den- 10 
sity p2. The symbol a (2/2, p3) represents the stationary 
angle at the uppermost position side corresponding to 
the 2/2 pattern and the weft density p3, and the symbol 
P (2/2, p3) represents the stationary angle. at the lower- 
most position side corresponding to the 2/2 pattern and 15 
the weft density p3. The symbol a (1/1, p3) represents 
the stationary angle at the uppermost position side cor- 
responding to the 1/1 pattern and the weft density p3, 
and the symbol p (1/1, p3) represents the stationary 
angle at the lowermost position side corresponding to 20 
the 1/1 pattern and the weft density p3. 
[0046] For example, in Fig. 4, the warp T3 is smaller 
in consumption amount than each of the warps T1 and 
T2. As the weft densities are larger, the difference in 
consumption amount between the warp T3 and each of 25 
the warps T1 and T2 becomes larger. That is, the weft 
density influences the consumption amount of the warp. 
For this reason, the example shown in Fig. 9 carries out 
such a setting that the stationary angles meet, for 
instance, a relationship of p (1/1, p2) > p (1/1, p1) > p 30 
(1/1, p3). The setting of the shedding curves respec- 
tively for the heddle frames taking into account the 
shedding patterns and the weft densities effectively 
improves the warp handling. 

[0047] In the present invention, the following 35 
embodiments can also be employed. 

(1 ) A plurality of shedding curves, which provide dif- 
ferences only stationary angles at the uppermost 
position side, are prepared. 40 

(2) A plurality of shedding curves, which provide dif- 
ferences to shedding amounts, are prepared, and 
larger shedding amount is set for warp having 
smaller consumption amount. 

(3) A plurality of shedding curves having different 45 
timings at which heddle frames reach their respec- 
tive uppermost or lowermost positions, and an ear- 
lier timing is set for warp having smaller 
consumption amount. 

(4) Each of the functions of the weave information 50 
memory device 27, the shedding curve memory cir- 
cuit 33 and the control circuit 37 is installed in the 
weaving machine control computer Co shown in 
Fig. 1. 

(5) Shedding curves are selected or set respec- ss 
tively for respective heddle frames independently, in 
accordance with weave information, in order to 
improve feel and outward appearance of textile. 



(6) Shedding curves are set for respective heddle 
frames independently, and stored in the shedding 
curve memory circuit 33. The shedding curves are 
automatically set and stored while referring to the 
weave information. 

[0048] As has been described in detail, in the 
present invention, shedding curves are selected or set 
respectively for a plurality of heddle frames in accord- 
ance with weave information, and operation of shedding 
drive motors driving the heddle frames correspondingly 
to the respective shedding curves thus selected or set 
are controlled to provide the thus selected or set shed- 
ding curves. Therefore, it is possible to effectively 
improve the warp handling and the textile quality. 

Claims 

1. A method of controlling sheddings in a weaving 
machine having a plurality of shedding drive motors 
provided independently of a weaving machine drive 
motor, and a plurality of heddle frames, each of the 
heddle frames corresponding to and driven by a 
single one of the shedding driving motors, charac- 
terized in that, 

of shedding curves indicative of motion of said 
heddle frames, a shedding curve indicative of 
motion of one heddle frame for a time period 
where it is moved from one of the uppermost 
position and the lowermost position to the other 
is selected or set for each of said plurality of 
heddle frames independently on the basis of 
weave information, and 

each of said shedding drive motors is drivingly 
controlled to cause a respective one of said 
plurality of heddle frames to make a motion 
along said shedding curve thus set or selected. 

2. The shedding control method in a weaving machine 
as set forth in claim 1, characterized in that said 
weave information includes shedding patterns 
respectively corresponding to said plurality of hed- 
dle frames. 

3. The shedding control method in a weaving machine 
as set forth in claim 1, characterized in that said 
weave information includes weft densities and 
shedding patterns respectively corresponding to 
said plurality of heddle frames. 

4. The shedding control method in a weaving machine 
as set forth in any one of claims 1 to 3, character- 
ized in that at least two kinds of shedding curves 
distinguished one for the other by the magnitude of 
stationary angles are beforehand prepared for said 
shedding curve to be set or selected. 
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5. An apparatus for controlling sheddings in a weaving 
machine having a plurality of shedding drive motors 
provided independently of a weaving machine drive 
motor, and a plurality of heddle frames, each of the 
heddle frames corresponding to and driven by a 5 
respective single one of the shedding driving 
motors, characterized in that, 

said shedding control apparatus comprises: 
shedding curve setting means for storing shed- 
ding curves indicative of motion of said heddle 
frames therein, and selecting or setting, of said 
shedding curves, a shedding curve indicative 
of motion of one heddle frame for a time period 
where it is moved from one of the uppermost 
position and the lowermost position to the other 
for each of said plurality of heddle frames inde- 
pendently on the basis of weave information 
inputted therein from the external; and 
control means for drivingly controlling each of 
said shedding drive motors to cause the 
respective one of said plurality of heddle 
frames to make a motion along said shedding 
curve thus set or selected by said shedding 
curve setting means. 

6. The shedding control apparatus in a weaving 
machine as set forth in claim 5, characterized in 
that said weave information includes shedding pat- 
terns respectively corresponding to said plurality of 30 
heddle frames. 

7. The shedding control apparatus in a weaving 
machine as set forth in claim 5, characterized in 
that said weave information includes weft densities 35 
and shedding patterns respectively corresponding 
to said plurality of heddle frames. 

8. The shedding control apparatus in a weaving 
machine as set forth in any one of claims 5 to 7, 
characterized in that said shedding curve setting 
means selects or sets at least two kinds of shed- 
ding curves distinguished one from the other by the 
magnitude of stationary angles. 
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